ABSTRACT: The pollution caused by the use of fossil fuels for the production of mechanical or electrical energy is one of the most important environmental issues nowadays. In this respect, biofuels represent a viable source of energy. Bioethanol as a renewable energy source is derived from organic material of plant origin, so-called biomass, thus reducing environmental pollution. The aim of this study was to analyze the potential of bioethanol in meeting future energy demands in the Republic of Serbia.
INTRODUCTION
The national reserves of oil and gas in Serbia are limited and the country is heavily dependent on the import of oil. The oil import bill is a serious strain on the country's economy and has been deteriorating the balance of payment. The country has become increasingly dependent on fossil fuels and its energy security builds upon the fragile supply of imported oil that is subject to disruptions and price volatility (G o l u š i n and M u n i t l a k -I v a n o v i ć, 2009). Contribution of renewable energy sources to total energy consumption of Serbia contemporary amounts to less than 1%, apropos of 280 GWh/year. By combining the methods of introducing new and renewable sources, systematic application of methods for increasing energy efficacy, as well as methods for introducing new technologies, the percentage of contribution of non-conventional energy sources in Serbia could be increased by as much as 20% (D o d i ć et al., 2009 a, b) .
In Serbia, bioethanol for fuel has still not been produced, although there are indications of preparation for the construction of plants for such purposes. That is why, it is necessary for the competent bodies of the Serbian Government to introduce corresponding programs and plans that should define and regulate the production of bioethanol as a fuel in Serbia as soon as possible. Having in mind that we are situated in Europe, and that we are oriented to joining the EU, it is probable that regulatory as well as stimulative measures ought to be similar to the already existing ones in the EU in that region.
Taking into account our agricultural production, it can be concluded that the raw materials for bioethanol production in Serbia can primarily be sugar-(sugar beet) and starch-containing raw materials (corn, wheat surpluses, potato surpluses or waste potato), followed by specifically intended raw materials planted on the unused soils (hybrid sorghum, Jerusalem artichoke -topinambour, triticale) ( D o d i ć et al., 2010) . According to the estimations, the agricultural production in Serbia has already realized annual surpluses of cereals in the past couple of years, amounting to about 1 million of tons (mainly corn, and after it, wheat) that could be used for the production of bioethanol as a fuel. Besides this, it is estimated that there is some 1.000 km 2 of non cultivated soils in Serbia that offer possibilities for planting cultures intended for bioethanol production (sorghum, Jerusalem artichoke).
Unavoidable prerequisite for the realization of economical production of bioethanol from husbandry cultures is the complete utilization of all by-products, primarily spent grains and slopes, with their basic application as feed. Also, the applied process technology, as well as microbial species and their adaptation to the process conditions have a significant effect on the process economy. In that respect, modern processes, that are much more efficient and energy saving, are favorable for substrate pretreatment, fermentation and especially, distillation and dehydratation stages of ethanol production.
In pursuance of the experiences and norms that are established in the EU, bioethanol that is to be applied as a mixture with motor gasoline has to fulfill the requirements regarding its maximal allowable water content of 3.000 ppm (B r i d g w a t e r et al., 2002; R a m a c h a n d r a et al., 2000). Besides this, bioethanol intended for fuel must have high ethanol content and must be refined and denatured. Apart from defining bioethanol that is to be used in Serbia as a fuel, it is also necessary to adjust the existing rules to the corresponding European standards.
Demands for bioethanol as an addition to motor fuel, which amounted about 5.75% in the year 2010 in Serbia, would be about 80,000 tons. The needs for bioethanol in pharmaceutical and chemical industries, as well as for the production of strong liquors are to be added to this quantity of bioethanol. This paper presents the potential for the development of bioethanol production in Serbia.
Bioethanol production on small farms
Production of bioethanol on small farms can be successfully applied for processing of only 30 kg of corn per day, with obtaining crude ethanol in the so-called "brandy ladle" and the use of lygnocellulosic agricultural wastes as an energy source. Figure 1 shows basic material balance of such a production of ethanol (V u č u r o v i ć et al., 2011). If one of the strategic decisions for processing starchy raw materials on small farms is to be adopted, consumption of slopes or spent grains in so-called wet feeding of livestock appears as an imperative. In such a case, for example defined in Fig. 1 , the minimal number of animals that should be permanently fed in the stockyard is 3-4 cattle, or about 20-30 pigs. In case of larger capacity, such as processing of about 300 kg of corn per day and production of about 1.000 liters of stillage per day, it is necessary to have crib for fattening of 30 young bulls all around the year, with animals of different ages (V u č u r o v i ć et al., 2011).
In case there is a need for the construction of a larger number of such plants, the only possible solution lies in the construction principle of the socalled "satellite plants", which will enable the production of crude ethanol on small farms, thus obtaining and consuming stillage for animal feeding, and consuming agricultural wastes as energetic fuels. Such obtained crude bioethanol would be transported to a central rafination plant, distillation-rectification unit which has modern equipment (Fig. 2) . Fig. 2 . -Conceptual scheme of bioethanol production on small farms in Serbia, with rectification in the common central processing unit (E -production of crude bioethanol;
T -animal feeding; P -agricultural production)
Bioethanol production on large farms
If stillage is to be used as feed in wet feeding, it is estimated that, due to the restrictions imposed by the size of animal farm, the upper capacity limit for such plants is some 10 -15 tons of corn per day, that is, the production of 3.000 -3.500 hL of absolute ethanol per day. Basic material balance of such production is outlined in Fig. 3 . In such case, for animal feeding it necessary to have a herd with 1.300 -1.700 milking cows or 5.000 -25.000 heads of sheep and/or pigs (B a r a s et al., 1996). In the case of working at small farms ( Figs. 1 and 2) , the obtained excrements supposedly should not cause any problems, because by using the primitive process they could be used as manure. In spite of that, more convenient solution and unavoidable solution for larger enterprises (Fig. 4) is their conversion by anaerobic biotechnological conversion into the stabilized manure (bio-fertilizer) and biogas (energent). So, the obtained biogas could be used for supplementing the energetic needs of ethanol factory, as well as of the farm itself (G o l u š i n et al., 2011). Such an approach has considerable effect on the environment because it solves the questions of waste water streams from the ethanol factory, as well as the questions of waste waters and unpleasant odors from animal production, especially in the case of pig feeding. With no need to perform broader analysis, it is clear that the construction of a plant for bioethanol production on larger farms represents serious investment actions. The principal disadvantage of these actions lies in the fact that, due to relatively small capacity, it is almost impossible to apply contemporary knowledge in domains of distillation and rectification. Therefore, energetically extensive solutions, which started at the beginning of the last century, have to be applied.
Considering the facts that the construction of such enterprises with relatively large capacities requires possessing or constructing the farms for stillage consumption by wet feeding process, and that problems of excrements must be solved, the value of the necessary investments significantly increases. Because of that, such a solution is recommended only under exceptional circumstances when favorable conditions permit it. However, preference is given to the abovementioned system of small plants with central rafination, or to the construction of large, and even of huge (industrial) plants for processing of starchy raw materials into bioethanol.
CONCLUSION
By analyzing the existing capacities and equipment for the production of bioethanol in Serbia, it can be concluded that the existing equipment and capacities cannot satisfy the needs for the production of bioethanol for fuel. With the reconstruction and modernization of the existing plants, especially in domains of raw materials processing and bioethanol dehydratation, they could be reconditioned for the production of a part of bioethanol for fuel. Nevertheless, the capacities would be insufficient for fulfilling the needs of ethanol as a supplement to motor fuels, so the construction of new capacities is required. Pursuant to that, several concepts could be discussed; one of them is the construction of larger plants, or the construction of so-called "satellite" plants for the production of crude ethanol on small farms, with obtaining and consumption of used grains (for livestock feeding), using at the same time agricultural waste as supplies of energy for these plants. Such obtained crude bioethanol is supposed to be transferred on raffination into central, contemporary equipped distillation-rectification installation. Загађење изазвано употребом фосилних горива за производњу механичке или електричне енергије представља једно од најважнијих еколошких питања данашњице. У том погледу биогорива представљају одрживо решење за произ-водњу енергије. Биоетанол се као обновљиви енергетски извор добија из орган-ских материја биљног порекла, тзв. биомасе, чиме се смањује загађење животне средине. Циљ овог рада је анализа потенцијала биоетанола у задовољавању бу-дућих енергетских потреба у Републици Србији.
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